The signal propagation in nonlinear electrodynamics when an arbitrary Einstein-Born-Infeld theory is invariant under duality rotations is discussed. The quasimetric defining the characteristic surfaces that depend on the structural function is obtained. The propagation of nonlinear photons is also briefly discussed.
I. INTRODUCTION
Recently the ideas of nonlinear electrodynamics (NLE) have been found of interest, even in the strings and superstrings theories. Born-Infeld (BI) type actions were already discussed in connection with string theory in Refs. 1 and 2. Fradkin and Tseytein found that the BI Lagrangian is the exact solution of a constant external vector field problem in the open string theory? Bergshoeff et aZ. 4 found that the bosonic part of the low-energy open superstring effective action is again the BI action. Supersymmetric BI action was established by Cerotti and Ferrara. 5 These new approaches reinforce the importance of the study of classical BI-type theories coupled with gravitational fields. Recently, by restricting these theories to be invariant under duality rotations, it was possible to get a wide branch of new exact solutions. 6 .
On the other hand, assuming Einstein-BI dynamics as a classical model of the vacuum polarization processes near strong gravitational fields,7 it is interesting to study the nature of causal signals in this theory. The content of this paper is the study of the characteristic surfaces, along which discontinuities of the nonlinear electromagnetic field are propagated, when we impose the restriction to the theory to be invariant under duality rotations.
In Sec. II, we give a brief introduction to the Einstein-BI theory and the consequences of the duality rotations invariance. In Sec. III, we develop the corresponding simplifications on the theory of discontinuities in general relativistic nonlinear electrodynamics 8 when the duality rotation invariance is assumed. The special case corresponding to the original BI theory is discussed with some details. Concluding remarks are given in Sec. IV.
II. NL ELECTRODYNAMICS ENDOWED WITH THE FREEDOM OF DUALITY ROTATIONS
The nonlinear electrodynamic field is represented by two skew field tensorsfl'Y and P",y, which are interrelated through a single relation designated as the "structure" equation. The existence of a potential All satisfying the Faraday field equation
is assumed, yielding the electrodynamic Lagrangian (2.2)
The "structure function" cW' = cW'(P,Q) , whose arguments We can introduce new independent parameters of the complex invariants and therefore invariants as such by the relations
F+G= -!(E+ili)2:j:O;
(2.6) the interpretation of these parameters in an adequate null tetrad is discussed in Ref. 
M=M(D,B) .
(2.9)
The theory is equivalently uniquely defined with any of the structural functions K,L of M.
With the freedom of the duality rotations defined by the 
III. SIGNALS IN NONLINEAR ELECTRODYNAMICS ENDOWED WITH THE FREEDOM OF DUALITY ROTATIONS
According to the general theory developed in detail in Ref. 8, the discontinuities of the derivatives of the nonlinear electromagnetic field propagate along the two possible sets of the characteristic surfaces S=S(x) = 0, these being submitted to the eikonal equation
where the quasimetrics y /1-" --determined modulo proportionality factor ¢-2#O-are, correspondingly,
.1"/1-V/IZ I} ,
This description of the characteristic surfaces applies when one works with the structural function
The remaining structural element of (3.2)-apart from the Riemmanian metric g/1-V-the invariant 1", is defined by
In the specific case of the theory endowed with the freedom of the duality rotations, deciding to work with the structural function M equivalent to K, we find that the description of characteristic surfaces given above considerably simplifies.
In the first step, omitting manipulations related to the replacement of the independent electromagnetic variables 
By substituting these values of 1" into (3.2) one obtains the final expressions for the quasimetrics y /1-". It turns out that the case (a) evaluated in I overlaps with the case (b) evaluated in II, the final result amounting to
These formulas are general: they apply also in the sense of a limiting transition when the electromagnetic field is null, i.e., when with x->o, 1"
According to the results of Alarcon, the single structural function for which the quasimetrics (3.2) coincide, is that which is equivalent to the original Born-Infeld Lagrangian. This can be verified in the considered special case of the theory endowed with the freedom of the duality rotations by noticing that I-II quasimetrics coincide iff
This condition leads to J, f= (2Ia){~1 + ax -l}, (3.8) where a is an integration constant, which, because 6 of fix> fV , must be positive. Thus -l}, (3.9) so that renormalizing b according to 2b 21 a we end up precisely with M equivalent to the Borne-Infeld Lagrangian
Consider then the case of algebraically general electromagnetic field P/1-V described in terms of a null tetrad aligned along the eigenvectors of the field. The only nontrivial components of 1"abllZ 1 are 1"12/IZ 1 = -1, 1"34/1Z 1 = 1 . 
IV. CONCLUSIONS
The study of the characteristic surfaces, along which discontinuities of the nonlinear electromagnetic field are propagated in the specific case of the theory endowed with the freedom of the duality rotations is considerably simplified. The quasimetric defining the characteristic surfaces that depends on the structural function is given by Eq. (3.6). The trajectories of the nonlinear photons can be obtained by treating Eq. (3.11) as the Hamilton-Jacobi equation. Nonlinear photons can propagate with velocities faster or slower than light.
